Abstract -In response to undernutrition, short-(days) and medium-term (weeks) adaptations are more pronounced for splanchnic organs than for other tissues. For the latter, the long-term response involves a sequential mobilization (fat > muscle > bone) with 
INTRODUCTION
The ability of ruminants to cope with periods of food shortage is the result of a long evolutionary process in natural conditions where food availability seasonally fluctuates. Most figure 1 ). An even greater loss (42 %) was obtained over a 62-d fasting in fattailed Barbary sheep that was then restored totally within 70 d of refeeding [69] .
The weights of digestive tract and liver are positively related to present intake, rather than previous nutrition, and they change very rapidly (7-14 d ; [16] ). All components of the splanchnic area, in particular rumen, intestines and liver, appear to contribute more than proportionally to LW medium-term variations. Variation in rumen wall mass probably relates to rumen fill (bulk effect), whereas variations in intestine, and especially liver weight, are related to absorbed nutrients (see [79] ).
Weight variations involve only the epithelium of the intestines, but both epithelial and muscular layers of the rumen [64] . Rumen [66] but an absence of effect on digestibility has also been observed by Grimaud and Doreau [56] and even a decrease in digestibility has been observed by Gri [70] , mainly by means of variations in blood flow, which depends on intake [79] . Blood flow responds very rapidly and strongly (-50 % within 2 d) to fasting [74] , owing both to nervous mechanisms and nutrient effect.
At mid-term, a decrease in intake from M to 0.5 M led to decreases in the portal and hepatic blood flows by 22 and 19 % and in oxygen consumption by 34 and 39 %, respectively [80] . This was accompanied by a lower oxygen extraction rate. These variations occurred within 1 week and were then stabilized. On the contrary, after a 80-d undernutrition period, a 30-d refeeding was necessary to restore oxygen consumption at the level observed before restriction [50] . On the other hand, portal and hepatic blood flows were better related to milk yield than to metabolizable energy intake in early lactating cows [43] , probably because the intensity of splanchnic metabolism is determined by the nutrient fluxes arising from the combination of body reserve mobilization and digestive tract metabolism.
A lower intake results in a slight decrease in the fractional protein synthesis rate in the digestive tract, which could explain in part weight changes, whereas fractional synthesis rate does not vary in the liver [73] [60] .
The mobilization of muscle protein in the early lactating goat results from decreased synthesis and increased degradation. This could be due in part to the decrease in insulinaemia at this physiological stage, since this hormone inhibits the ubiquitin-proteasome proteolytic pathway by decreasing the ubiquitin gene expression [68] . The sensitivity of muscle proteolysis to insulin inhibition is however higher during early lactation [92] , and this probably provides a mechanism to avoid excessive protein mobilization during lactation. Four to eight days are required to achieve minimum rates, and more than 10 d to restore pre-fasting rates [37, 63] , and these changes are due in part to pretraductional regulations of key enzymes [12, 14] . In the long term, AT anabolic activities are positively related to daily energy balance. This relationship is exponential, with anabolic activities being negligible when the animals are in negative energy balance [27] . [22] , and during chronic undernutrition [41] , is due to a decrease in FA re-esterification, together with increased lipolysis [42] (3- adrenergic challenge in dry non-pregnant cows is sharply decreased post-feeding, and increased by mid-term underfeeding [29] , but not by GH administration [47] . The AT response to EPI challenge in underfed ewes can be reproduced using a #-adrenergic compound. It is partly due to P 2 -, but not to (31- [82] .
Liver steatosis increases in fasted dry cows owing to increased uptake of NEFA and simultaneous decreased hepatic output of TG [85] . The low ability of ruminant liver to secrete very low-density lipoproteins (VLDL) relates to its low capability for hepatic FA synthesis de novo [25] . This can be related to the decrease during underfeeding in ewe cardiac muscle LPL activity [12] , because this tissue is probably using mainly ketone bodies, contrary to the rat cardiac muscle that is using mainly circulating TG secreted by the liver during underfeeding. In cows that are fat at calving and then underfed during early lactation, liver steatosis is particularly high owing to marked AT mobilization [84] [95] , decrease propionate use and promote the use of endogenous substrates for gluconeogenesis [15] .
Glucagon probably has a main role in induction of hyperglycaemia during stress, rather than involvement in minute-tominute regulation of glycaemia, through increased hepatic AA utilization for gluconeogenesis [15] . Glucagon secretion and plasma insulin/glucagon ratio are generally decreased by undernutrition [75] .
Thyroxine and/or triiodothyronine secretion and plasma concentrations are decreased by undernutrition in ruminants [30] . This Norepinephrine plasma concentration tends to decrease during undernutrition probably due to reduced sympathetic activity [51] . However, EPI and cortisol secretions are enhanced during hypoglycaemia, while the metabolic clearance rate of EPI decreases on fasting [51] . This favours glycogenolysis, gluconeogenesis, proteolysis and lipolysis, with these effects further reinforced by the hypoinsulinaemic effect of EPI [15, 47] .
Plasma GH concentrations are high in underfed growing [6] and lactating [8] ruminants. This increase probably relates, in part, to the decreased clearance rate of GH and the low level of insulin-like growth factor I (IGF-1) during undemutrition, thus reducing the negative feedback on GH secretion [55] . Responses of plasma GH to undernutrition are however less clear in dry non-pregnant adult cows [47] [88] owing to the abrasive effect of digesta on cell desquamation, and to an increase in digestive secretions with intake. When protein intake decreases, the concentration of waste N, as urea, decreases in blood and the fractional uptake of N compounds by the kidney decreases [34] so that urinary N losses are reduced. After the initial rapid decrease in N losses when animals are underfed, a progressive decrease in these losses occurred during a 5-month underfeeding [56] . Wool [23] . This is probably related in part to the numerous physiological adaptations of these animals, including a very low fasting heat production (when compared to sheep or cattle) and several physiological and endocrine mechanisms for decreasing water losses and body temperature. Within the ovine species, and beside large differences in the anatomical distribution of fat reserves between fat-tailed Barbary [2] and thin-tailed Lacaune ewes, the relative LW loss of fat-tailed ewes [69] was far lower than that observed in Lacaune ewes [7] [45] , ovulation is suppressed [59] or postpartum ovulation occurs later in adult female [9, 18] and embryo mortality is increased [59] . In [45] and more variable in adult ruminants [86] . These [ 18] , while in the beef cow this period mainly depends on the level of fat reserves [1] . In the dairy ewe, the duration of the anovulatory period equally depends on these two mechanisms [9] . The [49, 90] , although this is still controversial [39] .
Animal survival duration depends then on the level of body reserves before undernutrition, and on the kinetics and physiological limits of fat and protein mobilization. Again, few data are available in ruminants, but extensive studies in the human, rat and birds [21 ] Another aspect of adaptation to undernutrition is the long-and short-term interactions between seasonal food availability and reproduction [77] . Indeed, the longterm evolutionary adaptation is that sexual activity of some ruminants ( Finally, although mechanisms for the short-and medium-term digestive and metabolic adaptations to undernutrition have been frequently studied in ruminants, there are few data from long-term trials, on the residual effects of the previous period during underfeeding-refeeding sequences (see Dulloo et al. [39] for body composition data in humans), nor on the potential interactions of endocrine signals arising from seasonal rhythms driven by photoperiodism. Studies are numerous in productive animals (i.e. compensatory growth [61] 
